The pluripotent human erythroleukaemia cell line, HEL, possesses 
INTRODUCTION
The human erythroleukaemia cell line HEL was derived from a patient with Hodgkin's disease who developed erythroleukaemia in relapse [1] . HEL cells express markers for erythrocytes, megakaryocytes, myelomonocytes and B lymphocytes [1, 2] . HEL cells are capable of spontaneous and induced globin synthesis [1] . Phorbol 12-myristate 13-acetate (PMA) and dimethyl sulphoxide induce additional macrophage-like and megakaryocytic properties in HEL cells [3] [4] [5] [6] [7] [8] . These cells express various plasma membrane receptors, i.e. for a2-adrenergic agonists, neuropeptide Y, prostaglandin I2 (PGI2), thromboxane A2, thrombin, platelet-activating factor (PAF) and ADP [8] [9] [10] [11] [12] .
HEL cells possess a-subunits of guanine-nucleotide-binding proteins (G-proteins) of the G, family in relative abundances of Gia2,> G1a3 > Gi.1 and the low-molecular-mass GTP-binding protein rapl [13, 14] . Adrenaline and neuropeptide Y mobilize Ca2+ from intracellular stores by pertussis toxin-sensitive mechanisms, suggesting the involvement of G,-proteins in this process [10, 15, 16] . Thrombin stimulates phospholipase C-catalysed inositol phosphate generation and inhibits adenylate cyclase in a pertussis toxin-sensitive manner [17] . The stable PGI2 analogue iloprost stimulates adenylate cyclase and inhibits the thrombinand PAF-induced generations of inositol phosphates [8, 14] .
Thrombin stimulates an increase in the intracellular free Ca2+ concentration ([Ca2+]!) through a combination of intracellular Ca2+ mobilization and Ca2+ influx [17] . In HEL cells, adrenaline, thrombin, PAF and ADP activate phospholipase D, which may be mediated by a rise in [Ca2+] i [12] .
With respect to signal transduction, HEL cells have been used as a model system for platelets, but little attention has been paid to their phagocytic properties [7, 8, [11] [12] [13] [14] [15] [16] [17] . This prompted us to study the effects of a broad variety of receptor agonists on [Ca2+]1 in HEL cells. We report here that ATP, UTP, PAF, thrombin and E-and I-type prostaglandins increase [Ca2+]1 through mobilization of intracellular stores and stimulate Ca2+ influx from the extracellular space. The effects of E-type prostaglandins, but not the other agonists studied, involve pertussis toxin-sensitive signal transduction pathways.
MATERIALS AND METHODS Materials
I1-{,-[3-(4-Methoxyphenyl)propoxy]-4-methoxyphenethyl}-lH-imidazole hydrochloride (SK&F 96365) was a gift from Dr. D. Arndts (Boehringer Ingelheim, Ingelheim, Germany); sulproAbbreviations used: [Ca2"]1, intracellular free Ca2" concentration; Ca2"e, extracellular Ca2"; EC50, concentration causing 50 % of maximal stimulation; G-protein, guanine-nucleotide-binding protein; G,, G-protein that inhibits adenylate cyclase; G., G- [18, 19] .
Cells and cell culture HEL cells were purchased from the American Type Culture Collection (Rockville, MD, U.S.A.). Cells were grown in RPMI 1640 medium containing fetal calf serum (10%, v/v), nonessential amino acids (1 %, v/v), L-glutamine (2 mM), penicillin (50 units/ml) and streptomycin (50 ,ug/ml) in a humidified atmosphere with 5 % CO2 at 37 'C. Cells were maintained at a density of (0.5-1) x 106 cells/ml. In some experiments, pertussis toxin (500 ng/ml) or its vehicle (control) were added to the culture medium, and the cells were incubated for additional 24 h. Under these conditions, the toxin completely ADP-ribosylates pertussis toxin substrates in HEL cells [17] . Pertussis toxin did not affect cell viability, as assessed by Trypan Blue exclusion (results not shown).
Measurements of ICa2li
Measurement of [Ca21]1 was performed according to the protocol described recently for HL-60 cells with modifications [19] . Briefly, HEL cells were centrifuged (250 g, 10 min) and then resuspended in buffer containing NaCl (138 mM), KCI (6 mM), MgSO4 (1 mM), Na2HPO4 (1 mM), NaHCO3 (5 mM), glucose (5.5 mM), Hepes/NaOH (20 mM), pH 7.4, and BSA (0.1 0%, w/v) at 107 cells/ml. Fura-2/acetoxymethyl ester was added to a final concentration of 4/tM, and cells were incubated for 10 min at 37 'C, protected from light. Thereafter, cells were diluted with the same buffer to 5 x 106 cells/ml and were further incubated for 45 min at 37 'C. Subsequently, cells were diluted 10-fold with the above buffer, then centrifuged (250 g, 10 min) and finally resuspended in fresh buffer at a concentration of 106 cells/ml and stored at room temperature for up to 1 h. During this period, experiments were performed. HEL cells (106 cells) were suspended in 2 ml of the above buffer in the absence or the presence of various compounds and were incubated for 2 min at 37 'C. Basal fluorescence was measured for 1 min prior to the addition of stimuli. Experiments were performed under constant stirring (1000 rev./min) using a Ratio II spectrofluorometer (Aminco, Silver Spring, MD, U.S.A.) at excitation and emission wavelengths of 340 nm and 500 nm respectively. Quenching of fura-2 fluorescence by Mn2+ was performed as described [20] . Unless stated otherwise, all experiments were performed in the presence of 1 mM-CaCl2. Basal [19] . After preincubation of the HEL cells for 5 min at 37°C, stimuli were added. After 10 min of incubation, reactions were terminated by placing the tubes on to crushed ice. Reaction mixtures were centrifuged at 1000 g for 10 min at 4 'C, and the activities of ,-glucuronidase and lactate dehydrogenase in the supernatant fluids and cell lysates were determined as described [21] . The release of lactate dehydrogenase amounted to < 5.0 % of total cellular content, indicating that none of the agonists studied caused cell damage (results not shown). [18] . After preincubation of the HEL cells for 3 min at 37°C, stimuli were added and the superoxide dismutase-inhibitable reduction of ferricytochrome c was measured continuously at 550 nm for 10 min using an Uvikon 810 spectrophotometer (Kontron, Eching, Germany).
Aggregation assay
Aggregation of HEL cells was measured by turbidometry as described recently, with modifications [18] . Briefly, 0.5 x 107 or 1 x 107 cells were suspended in 1 ml of the buffer used for determination of ,1-glucuronidase release. After [22] [23] [24] . The EC50 for PGE2 was 30 nm, and its effect reached a maximum at 300 nM (Fig. 2) U46619, thrombin and ADP [25] . In HEL cells, we examined the effect of adrenaline at a threshold concentration (10 Cells were harvested and loaded with fura-2, and fura-2 fluorescence was monitored at an excitation wavelength of 340 nm (trace 1) or 360 nm (trace 2). The emission wavelength was 500 nm. Experiments were performed in the absence of Ca2"e. The arrows indicate the addition of MnCl2 (100 /LM) and thrombin ( [19, 30] . These findings suggest the involvement of both pertussis toxin-sensitive and -insensitive G-proteins in signal transduction pathways activated by nucleotides in HL-60 cells. In HEL cells, pertussis toxin had no effect on either ATP-or UTP-induced rises in [Ca2+]1 (Fig. 1) . Fig. 8 ) [30] . In HL-60 cells, stimulatory effects of UTP were suggested to be mediated through pyrimidinoceptors [31] . Fig. 6 ). Moreover, adrenaline enhanced the increases in [Ca2+]1 stimulated by iloprost but not by PGE2 (Fig. 7) . Furthermore, cicaprost is devoid of agonist activity at PGE2 receptors [23, 24] . To (Fig. 4) [17] . Intriguingly, pertussis toxin completely blocked the thrombin-induced inhibition of adenylate cyclase and greatly decreased but did not abolish thrombin-stimulated inositol phosphate generation [17] . Thus (Fig. 8 ) [20, 36, 38, [41] [42] [43] . These data show that HEL cells possess receptor-stimulated cation channels with properties similar but not identical to those in other myelocytic cells.
An increase in [Ca2+] is known to play a role in the regulation of numerous cell functions [32, 44] . In [19] . HEL cells did not generate superoxide upon stimulation, similar to the situation with undifferentiated HL-60 cells [19] . In platelets and neutrophils, increases in [Ca2+]i may be prerequisites for receptormediated aggregation [32, 45] . In HEL cells, thromboxane A2 induced a shape change but no aggregation [11] . The dissociations between rises in [Ca2+]i and lack of functional activation in HEL cells suggest that proximal signal transduction components are present in these cells, whereas components of the distal signal transduction pathway and/or effector proteins are missing. It is conceivable that these distal components are expressed during the later stages of megakaryocytic and myelocytic differentiation.
Possibly the PGE2-and ATP-induced increases in [Ca2+1] are early signals for the differentiation of HEL cells, as in HL-60 cells these agonists promote myeloid differentiation [46, 47] . Regardless of the functional role, the differences in the time courses Note added in proof (received 28 October 1991) After submission of this paper, Wu et al. [48] reported that PGE1 and PGE2 activated phospholipase D in HEL cells in a pertussis-toxin-sensitive manner.
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